In order to deepen understanding the interactions between ionic liquid and chitin/chitosan/ cellulose at the molecular level, we have performed a study on the electronic structures, topological properties, nonconvalent interactions between 1-ethyl-3-methyl imidazolium chloride and chitin/chitosan/cellulose by using density functional theory. The results indicate that interactions between chitin/chitosan/cellulose and 1-ethyl-3-methyl imidazolium chloride are stronger that the intra-interaction of chitin/chitosan/cellulose, implying that chitin/ chitosan/ cellulose can dissolve in 1-ethyl-3-methyl imidazolium chloride.
INTRODUCTION
Chitin, chitosan and cellulose ( Supplementary Fig. 1 ), as the biological macromolecular materials, are hardly soluble in many traditional solvents [1] . This behavior limits their wide application and chemical modification. Therefore, it will be of great importance to develop new solvent systems. Rogers et al. [2] firstly investigated the dissolution of cellulose with ionic liquids in 2002. Following this report, a variety of room temperature ionic liquids has been used to dissolve chitin, chitosan, and cellulose [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . So the dissolution of chitin, chitosan and cellulose in the ionic liquid, as a kind of recycled solvent, becomes a hot topic in chemical research.
It is proposed that the high chemical and mechanical stability of cellulose and its hydrophobic nature is due to the huge degree of inter-unit hydrogen bonds. They not only act as interconnections between units but are also responsible for the hydrophilic nature of the biopolymer ( Supplementary Fig. 2 ) [12] . While it was thought that both anions and cations of ionic liquids are involved in the dissolution process of cellulose, the dissolution mechanism of cellulose in ionic liquids has been proposed ( Supplementary Fig. 3 ) [13] . Although there are some reports about the interaction between ionic liquid and chitosan/ cellulose [14] [15] [16] [17] [18] [19] , to the best of our knowledge, there is no theoretical report on the comparison of interactions between 1-ethyl-3-methyl-imidazolium chloride ([EMIM]Cl) ionic liquid and chitin/chitosan/cellulose clusters at the molecular level. We try to study the interactions between [EMIM]Cl and chitin/ chitosan/ cellulose clusters by means of density functional approach firstly. We hope that the present results could provide some useful information for the continuous exploitation and application of ionic liquids for dissolution of chitin, chitosan, and cellulose.
The specification of initial geometries and computational method
Because chitin, chitosan and cellulose are polymers, the cluster models are invoked to represent chitin, chitosan and cellulose, and the dangling atoms are terminated with hydroxyl groups. The cluster models of chitin/chitosan/ cellulose and the interacting models between 1-ethyl-3-methyl imidazolium chloride ([EMIM]Cl) and chitin/chitosan/cellulose were displayed in Fig. 1 The quantum chemical calculations were carried out by density functional theory (DFT). All the DFT optimizations were performed with DMol 3 method [20, 21] . This method (GGA/PW91) is based on accurate and efficient local density functional calculations (LDF), which uses fast convergent threedimensional numerical integrations to calculate the matrix elements occurring in the Ritz variation method. Typically a doubled numerical basis set (DNP) is used for calculations. The convergence criteria for these optimizations consisted of threshold values of 2×10 -5 Ha, 0.004 Ha/Å and 0.005 Å for energy, gradient and displacement convergence, respectively, while a self consistent field (SCF) density convergence threshold value of 1×10 -5 Ha was specified. For interaction energy, basis set superposition errors (BSSE) were considered using the counterpoise method [22] . To examine the nature of interactions, the topological properties and noncovalent interactions were illustrated in terms of AIM (atoms in molecules) [23] and NCI (noncovalent interaction) [24, 25] analyses, respectively. 
RESULTS AND DISCUSSION

Topological properties of interactions
The interactions can be successfully investigated by means of topological properties of electron density distribution r(r). According to Bader's topological AIM theory [27] , the chemical bonds can be illustrated in terms of the total electronic density r(r) and its corresponding Laplacian, s 2 r(r). It has been proposed that the differences in the topological features of the electron density reflect the different interactions. There are many hydrogen bonds among chitin, chitosan, cellulose, [EMIM]Cl-chitin, [EMIM]Cl-chitosan and [EMIM]Cl-cellulose according to the criterion of hydrogen bonding (r=0.002~0.035 a.u., s 2 r(r)=0.024~0.139 a.u.) [27] (Supplementary Table 1 ). The large values of electronic density are consistent with the short distances of their hydrogen bonds, showing a close relationship between the topological properties of electron density and the distances of hydrogen-bonded systems [27] . Accompanying with hydrogen bonding interaction, the H 
Visualization of noncovalent interactions
Reduced density gradient (RDG) and sign(l 2 )r raised by Yang et al. [28] are a pair of very important functions for revealing weak interactions. A way to identify interaction types is by analyzing the sign of l 2 . A negative l 2 is a sign of attraction, while a positive value implies steric effect. Van der Waals interactions are described by low electron density (r), and thus sign(l 2 )·r ≤ 0. The gradient isosurfaces can provide a rich visualization of weak interactions as broad regions of real space, rather than simple pairwise contacts between atoms. By plotting gradient isosurface in real space with respect to the geometry one can easily identify green region (attraction) and/or red region (steric effect) emerging as continuous surfaces. 
Electron density differences
Electron density difference is typically the difference between an assumed standard or model electron density and the actual observed or DFT computed electron density. For example, one can make a difference plot by subtracting atomic densities of two molecules from the density of two molecules formed complex. It can deduce information regarding interactions from theoretically 
CONCLUSIONS
In this report, density functional theory was employed to investigate the electronic properties and interactions between [EMIM]Cl and chitin/ chitosan/ cellulose. The topological properties, noncovalent interactions, and electron density difference were compared to present an interesting and useful interpretation of chitin/ chitosan/ cellulose dissolution in [EMIM]Cl ionic liquid due to stronger interactions between [EMIM]Cl and chitin/ chitosan/ cellulose. Suppl. Fig. 1 Chemical structures of (a) chitin, (b) chitosan (fully deacetylated), (c) cellulose and (d) 1-ethyl-3-methylimidazolium chloride.
